Sanitary significance of faecal coliforms in a fish landing centre. by Gisha, C. V
SANITARY SIGNIFICANCE OF FAECAL COLIFORMS 
IN A FISH LANDING CENTRE.
^ i a s e r f a N o n  S u h m i f f e d  
GISHA. C.V.
^ arfia l fulfilmenf fo r fhe degree  of 
M A S T E R  O F  S C I E N C E  ( M I C R O B I O L O G Y )  
o f  the M ahatm a Gandhi' njnioersify 
SR E E  SAN KARA C O L L E G E ,  KALADY
J U N E  1997
CENTRAL MARINE FISHERIES RESEARCH INSTITUTE
COCHIN - 682014, INDIA
This is to certify that this Dissertation is a bonafide 
record of the work done by GISHA C.V. under my supervision and 
that no part there of has been presented before for any other 
degree.
Counter signed by:
Dr. V. Chandrika 
Senior Scientist,
Central Marine Fisheries 
Research Institut 
Cochin - 14.
■ H . P e e r  M o h a m e d ,
" ^ i r e c t o r - in - c h a r g e ,
Central Marine Fisheries 
Research Institute, 
Cochin - 14.
f  Director
CENTRAL MAR:NE Ki : ; ;;
F . H . A o  /'''■■ 
?if. I
The candidate is indebted to Dr. V. Chandrika, Senior 
scientist of Fishery Environment^ Management division, central 
Marine Fisheries Research Institute, Cochin for her supervision 
and guidance given during the course of work.
Her sincere thanks are due to Dr. M. Devaraj, Director 
of CMFRI for permitting her to work on this problem and also for 
giving all facilities and encouragement.
The candidate wishes to express her deep sense of 
gratitude to Dr. Maya Nanda Kumar, Head of the department of 
Microbiology. Sree Sankara College, Kalady, for giving her 
permission to work out a project during M.Sc course.
Her thanks are due to Mr. Ranjit, Miss Pramila, Miss 
Shini Varghese and other colleagues for their help rendered at 
various stages of her dissertation work. The candidate wishes to 
thank each one of them.
Page Nos
1 . INTRODUCTION 1 - 7
2 . SCOPE OF STUDY 8 - 9
3. HISTORICAL RESUME 10 - 14
4. MATERIAL AND METHODS 15 - 26
5. RESULTS 27 - 54
6 . DISCUSSION 55 - 65
7. SUMMARY 66 - 68
8 . REFERENCES 69 - 78
1. INTRODUCTION
Fish and Fish Products meant for human consumption 
must be free from chemical residual substances and faecal 
microorganisms which might be dangerous to the fish eating 
community. So chemical and bacteriological examination of fish- 
landing centre should be regularly and systematically done.
Of all the flesh foods fish is most susceptible 'to 
autolysis, oxidation, hydrolysis of fats and microbial 
spoilage. So it needs various preventive preservative methods. 
When fishes are harvested far from the processing plants 
preservative methods must be applied even on the fishing boat 
itself. Likewise hygienic procedures are equally important 
because it reduces the spoilage of fish.
The kind and rate of spoilage of fish vary with number 
of factors that is the kind of fish, the condition of fish when 
caught and the kind and the extent of contamination. If the 
contamination may reduce, the spoilage may also reduce. So the 
bacterial analysis have a primary imeortan.c'e in each processing of 
the fish during fish-harvesting and i^  ^ fish-processing centres.
Fish landing area is one of the place where fishes 
were easily contaminated. Air contamination, washing process, 
quality of the ice are some of the means by which fishes are 
cpntaminated. So the sanitary significance of fish landing area 
is very important.
Concern about marine faecal pollution has grown 
steadily in recent years.* Damage to marine organisms and 
ecosystems, deterioration of human health by direct contact with 
polluted water and consumption of contaminated sea food are among 
its diverse effects. Associated with these environmental aspects 
are economic costs and various social implications. Many effects 
of marine faecal pollution are un3cnown and the magnitude of those 
known to occur is often undetermined. Now a days many parts of 
the polluted marine environment have been examined for 
indicators of bacterial pollution and the effect of faecal 
pollution on marine ecology is one of the important line of 
bacteriological study today.
The environmental quality of fishery harbour is not 
assessed so far and published reports on faecal bacterial 
contamination in fishing harbour are very few. It is well known 
that faecal bacteria has got diversified character which 
influence the chemical and biological condition of fish. Gore 
et al■ (1979), Chandrika (1983) studied quantitative occurrence 
of indicator organisms like Coliformsin surface water and 
sediment samples of the estuary. The nature and source of the 
faecal pollution was found to he of human origin as faecal index was 
always above four. In Malabar area, Korapuzha estuary was 
surveyed for coliform in mussel cultured field by Venkataraman 
and Sreenivasan (1955). Bacteria in the inshore environment at 
Mandapam., (Gulf of Mannar) was studied by Velankar (1955) .
Incidence of Coliforms and enterococci in natural waters was 
studied by Sastri ^  al. (1969) in Bhopal city. Madhur and 
Ramanathan (1969) and Sen and Ghosh (1970) have indicated many 
advantageous of using enterococei index in place of Coliform 
index, while doing analysis of drinking water supply in Calcutta. 
Studies on indicator organism of faecal pollution in the Cochin 
back-water include the work of Santhakumari (1966) Gore (1971). 
Dwivedi al. (1974) and Chandrika (1986) .
Recently it has been emphasized the potential hazards 
to public health associated with the faecal pollution of coastal 
areas and another specialised conditions like fisheries harbour 
by the direct and indirect discharge of raw or partially treated 
sewage. Sewage contributes considerably to the quantity of 
faecal microorganisms such as Salmonella. Shigella. Coliforms and 
Faecal coliforms in water and sediment which are carried with the 
coastal waters and may give rise to epidemics, it has been shown 
that sewage polluted water is often a common source of disease in 
man and animals either directly or indirectly (Crown 1972; 
Geldreich 1972; Gangarosa ^  al. 1972;), Apart from pathogenic 
germs sewage contains great quantities of organic and inorganic 
nutrients which enhance mass development of pathogenic and 
nonpathogenic microorganisms in controlled systems. Coliform 
numbers varies consistently in harbour water according to the 
degree of organic pollution of water (Kuch 1974; Kuch and Chan 
1975) . On the other hand the microflora is not frequently 
inhibited or detroyed by poisonous substances. Thus continued
addition of sewage effluents to sea water environment will 
result in eutrophication enriching the growth of pathogenic 
bacteria. Distribution of heterotrophic bacteria related to some 
environmental factors in Tolo Harbour was studied by Chan K. and 
C.S.W. Kuch in 1976.
Human pathogenic microflora cannot grow permanently in 
the marine environment and die off eventually in the sea within a 
week. But depending on the prevailing conditions various 
pathogens can survive for a period and remain virulent. Studies 
on the survival of faecal coliform in the marine environment deal 
with various factors controlling the death of these organisms 
(Greenberg 1956; Mitchell 1968). It has been well documented 
that occurrence of toxic materials as Mercury (Klarmann; 1950), 
enzyme and metabolic inhibitors (Webb; 1963) and seleriate and 
other conservative pollutant (Ketchum fin 1952; Orlob, 1956;
Jones 1963; Nakamura ^  3I. 1964;) high salt concentration and pH 
of Sea Water (Carlucci and Pramer; 1960, 1961, Chan and Li 1977), 
limited nutrient supply (Greenberg, 1956), competition by native 
microflora (Waksman and Hotchkiss, 1937) , the grazing action by 
protozoa and other Predators (Mitchell and Morris 1969; 
Engineer and Cooper, 1976) the existence of heavy metals (Johnes 
1963) and lytic bacteria in sea water (Gulin . 1967
Mirtchell and Morris, 1969) are the major factors contributing to 
the rapid die off of Coliforms in marine environment. On the 
other hand, the addition of cysteine (Johanneson, 1957; Carlucci
and Prakner, 1960) and chelating agents {Jones 1963) to sea water 
increased the survival of Escherichia Coli.
High concentration of Coliform bacteria existed in 
sediments rather than in the overlying waters (Wesiss 1951, 
Ritternberg ^  ai. 1958) and that cells of E.. coli were capable 
of utilising the nutrients released from estuarine sediments 
(Gerba and McLeod, 1976) . Furthermore, presence of estuarine 
sediments has been found to greatly enhance the survival of 
E. coli in natural sea water under laboratory conditions (Gerba 
and MacLeod, 1976) as the sea water and mud basically contain 
most of the nutrients required for the growth of microorganisms. 
So the pathogens thrive themselves for a certain period after the 
sea water and sediments have been contaminated by sewage and 
drainage. with the environmental factors such as favourable pH, 
salinity and optimum temperature, the microorganism readily 
develop and rapidly colonize in estuarine and in any aquatic 
environment. These observations indicate the ability of 
aquatic environment to support to a limited extent the survival 
and even growth of Coliform bacteria.
It is well known that the pathogenic microbes produce 
diseases such as cholera, dysentry, diarrhoea, typhoid. Jaundice, 
Leptospirosis, Hepatitis B etc. Hence sewage loaded environment 
may be dangerous source of infection. Salmonella infection 
however be caused by eating oysters, shell fishes and fishes
harvested from sewage loaded waters. Less frequent are ghigglla• 
Which occur epidemically. Members of the genera Streptococci.. 
Staphylococci. Lactobacilli, Proteus. and spore
forming bacteria also contain fish pathogens. But the number and 
types will vary with geographic area and state of community 
health. The nature of sewage treatment and physiological state 
of microorganism.
Whenever pathogens are present, they are scarce in 
number when compared to commensal bacteria (as 50% of the faeces 
of human beings is considered to be the weight of bacteria 
itself) and this complicates the problem of their detection. So 
the procedure adopted for testing potability rely on the 
detection of indicator bacteria which are bacterial parameters of 
faecal pollution.
The fishery harbour environment with all its fish 
landings remain as a potential environment for monitoring the 
bacteriological quality of the fishing landing centre.
Geldreich and Clarke (1966) reported that the 
occurrence of indicator bacteria signifies the presence of other 
enteric pathogens in the same environment. In many instances 
indicators of bacterial pollution signified human pathogenic 
viruses of faecal origin in Coastal waters (Gerba ands Goyal 
1978). Above information initiated a thorough study and a 
detailed investigation on indicators of bacterial pollution. At
present there is a general lack of information regarding the 
pathways of bacterial pollutants from sewage and land drainage 
and their fate in the aquatic environment of Cochin. Hence, the 
present study was aimed to monitor indicators of bacterial 
pollutants in a fish landing centre of Cochin and also to 
investigate the effect of bacterial pollutants on fisheries 
resources and human health as an essential step towards evolving 
a scientific basis for protection and management measures.
2. SCOPE OF STUDY
The results of the investigations are presented and 
discussed under three methods. Under first method quantitative 
and qualitative study of faecal coliform (E. coli type I) was 
carried out by isolating them by pour plate method using 
MacConkey medium from the three samples, collected from the fish 
landing centres. Identification of the preceeding group with 
confirmatory test (IMvic test) wherever possible was made with 
numerous physiological and biochemical tests. Selected cultures 
were identified (57 Nos) based on their biochemical potential 
towards different substrates based on the scheme of Edwards and 
Ewing (1972) . Quantitative distributions of faecal streptococci 
was asscessed using selective medium KF-agar. Faecal index was 
constructed by constructing the ratio between Escheichia coli 
(type I) and faecal streptococci.
In Second method most probable number method (MPN -
test) was used to detect E. coli. All the samples were inoculated 
into MacConkey broth which are then incubated at 37® for 1-2 days 
and examined for acid and gas production. From this positive 
results > coliforms were further identified by Differential 
Coliform test using elevated temperature method.
In third method Manja's medium was Prepared and medium 
with strips are placed in Mccartney bottles and 20ml water sample
was poured into the bottles and results was noted after 10 hours 
of incubation.
All these methods were used to develop and detect 
coliform bacteria for ascertaining the occurence of faecal 
contamination in water, ice and fish. The methods of sanitary 
analysis by bacteriologist somewhat differ from country to 
country.
3. HISTORICAL RESUME
Treatises on water bacteriology are concerned with the 
study of domestic water, swimming pools and sewage. Sea water 
and fish landing centres and processing industries are rarely 
considered for various reasons. The fish landing centre presents 
certain problems of interest to sanitary bacteriologist and 
students of public health. Out breaks of oyster borne typhoid, 
gastroenteritis and R factor transferrence and other diseases 
focused attention on this problem on recent years. Geldreich 
(1966) published the review of research conducted on Coliform at 
the Cincinnati water research laboratory, Cincinnati ohio. 
Geldreich and Kenner (1969) believed the occurrence of faecal 
streptococci to indicate the recent faecal pollution. Coliforms 
are found less resistant to disinfectant than other microbes. 
The dispersion and disappearance rate of Coliform from a marine 
outfall in Israel was estimated Gilfath ^  al- (1970).
Pollution of coastal waters by enteric pathogens has 
been also studied in estuarine and marine environments by Yosphe- 
Purer and Shuval (1972); Paeoletti (1964) Brezenski and
Russonanno (1969), Brezenski (1971) and Shuval (1972). Gerbra and 
Schaiberger (1973) found a direct correlation between the amount 
of rainfall and Coliforms on an ocean bathing beach.
Hashimoto Si- (1974) found the distribution of 
motile streptococci in faeces of man and animal in river and sea
water in Japan. In 1975, Geldreich published microbiological 
concepts for coastal bathing waters.
Significant numbers of Coliform bacteria have been 
noted (Gameson 1975) in sea water adjacent to a colony of nesting 
gulls. While it is accepted that disposal of some 
conservative bio-degradable substances to estuaries and the sea 
should be prevented or restricted. Difference of opinion exist/, 
regarding the need for limiting of discharge of degradable wastes 
(Calvert 1975 and Baalsrud, 1975) and for the regulation of water 
quality by the imposition of standards {Moore, 1975 and Shuval 
1975). Control has been excercised to dispose sewage into the 
sea in accordance with certain qualitative criteria (Agg, 1975).
Mosley (1975) doubts the potential for infectivity of 
enteric organisms in the sea, but even the dilution of the 
infective agents will not prevent the cause of epidemological 
problems that many subclinical infections result because of small 
infective doses. Faecal pollution of beaches by 'Indicator 
bacteria' like Coliforms, M- coli and streptococcus faecalis has 
been identified and studied by Regnier and Park (1972) Turker 
(1976) Bonde (1968); Stevenson (1953); Moore (1959); Berger 
ai. (1963); Shuval al. (1968); Grunnet ^  al- (1970) Cohen and 
Purer (1968) and Tinker (1976) Enteric pathogens like Salmonella 
have been reported from seafoods of India (Arul James & Iyer, 
1972; Joseph Mathen & Iyer; 1976; Nerkar al. 1975).
Water, sediment and sand from Southern Biscayne Bay 
were examined over three months period by Buck (1976) for the 
indicator and potentially pathogenic bacteria and yeasts. High 
concentrations of Colifonn bacteria existed in sediments rather 
than in the overlying water (Weiss 1951; Rittenberg 1958)
and that cells of E. coli were capable of utilising the nutrients 
released from estuarine sediments (Gerba and Me Leod 1976). 
Further more presence of estuarine sediments has been found to 
enhance greatly the survival of E. coli in natural sea water 
under laboratory conditions (Gerba and mac Leod 1976). 
Vasconcelos and Swertz (1976) studied the survival of bacteria in 
sea water using a diffusion chamber apparatus. An electro 
chemicalmethod for early detection and monitoring of Coliform in 
water was analytically designed by Wilkin and Boykin (1976) .
Studies on enumeration of bacteria in marine water by 
Stanfield and Irwing (1977) demonstrated that methods of 
enumeration are not always equivalent and that a realistic 
assessment of the value of a method can be made only when the 
organisms to be recovered have been exposed to an environment 
capable of stressing or attenuating the bacteria. Robinson and 
Stanfield (1977) have demonstrated that the variation in total 
Coliform count can be obtained in marine waters by using 
different selective media and incubation procedures.
Distribution of viral and bacterial pathogens in a 
coastal canal community was studied by Gerba ^  al. 1977) who
detected high concentrations of microbes in sediments of polluted 
coastal areas. I^thogenic and nonpathogenic bacteria are present 
in large numbers in bottom sediments and may be released upon 
resuspension following dredging, boating, storms and other 
activities {Goyal ai. 1977; Greines; 1975).
Tobin and Dutka (1977) found significant differences 
between various brands of membrane filters in their ability to 
recover bacteria, from pure cultures, natural waters or sewage. 
Apparently they also found that small changes in the incubation 
tmeperature cannot affect the Coliform count obtained. A high 
correlation of the Salmonella and enterococci indices was found 
by Vlodavetes and Kalina (1977) , when a study was conducted to 
isolate Salmonella in the coastal sea water.
Shuval (1978) found that all these pathogens survive 
long enough and in high enough concentration to lead to the 
transmission of the disease to man by contaminated shell fish and 
by bathing in water highly contaminated by fresh sewage. The 
infleunce of pH, Salinity and organi'c matter on the adsorption of 
E. coli and other enteric pathogens in estuarine sediment was 
studied by L a b e l i a  and Gerba (1979).
Thapliyal ^  (1972) studied standard plate counts,
Coliform and enterococcus densities in various natural waters in 
the Tarai region (India) and identified ten IMVic types in their 
source of water supply. They considered enterococci indicator
system of greater value than the Coliform count indicating water 
pollution. Phirke and Verma (1972) worked in river water samples 
in Delhi and found a linear relationship among the two indicator 
systems.
Feasibility of using ozone to disinfect sea water use 
in controlled environment in shrimp culture were done the 
environmental shrimp culture station at puerto penasco, Mexico 
(Donald and Lightener 1979). 99.9% of the pathogens were killed 
within 95 minutes of minimum exposure period with ozone.
In summary, it can be stated that the knowledge of 
bacterial pollution in marine environment has accumulated slowly 
from a very late beginning when compared with progress in other 
areas of the parent discipline. Periodic reports of marine 
bacteria resulting from for-tuitous discovery interspersed with 
"Short term" concentration on very special group, mark the 
general trend of historical development of faecal Coliform 
ecophysiology.
4. MATERIAL AND METHODS
FIG 1 - fish landing CKNTRE - THE SAMPLING STATION

Study Area
Samples such as fish, ice and water were collected 
weekly from fish Landing Centre, Fisheries Harbour, Cochin 
(located along 9 ° 5 S 10*^00' N and 76^10'- 76°20') , near 
Mattancherry (Fig. l). All the samples were randomly collected 
immediately after fish-landing in between 15.15-15.45 hrs.during 
the study period of 10th March 1997 - 22nd April, 1997.
Collection of the Satr^le
Before sampling, conical flask with Swab, forceps were 
sterilized and made aseptic to prevent contamination. Samples 
such as fish and ice were collected in sterile plastic bags, 
while water in sterile conical flask using swab. Water and ice 
were also collected aseptically in McCartney bottles containing 
Manja's medium.
Samples were subjected to bacterial analysis within two 
hours after collection. If there is any delay in the examination 
of the sample it was stored at a temperature between 0°c
and 10°c.
Preparation of the Sait5)le
Fish is taken from polythene bag and placed in a 
mortar*99ml of sterile distilled water was added and mixed gently
site 2 - FISH SAMPLE
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PLATE 5 & 6 - MACCONKEY PLATE
LF AND NLF COLONIES
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using the pestle. From this suspension 20ml water was inoculated 
into McCartney bottle containing Manja's medium. All the three 
bottles (Fish, Water, Ice)were placed in an incubater for an 
overnight incubation at 37°c.
99ml of Distilled water is added to the swab and mixed 
thouroughly. Weight of the ice was taken and it is mixed with 
99ml sterile distilled water.
The pattern of analysis of fish, ice and water sample 
from fish landing centre was shown in Table (1)
Quantitative analysis of bacteria
0.25 and 0.5ml of each sample were inoculated into 
MacConkey agar and KF agar by pour plate method. Incubate at 
37^C for 24 hours. Colony count were taken from the MacConkey 
agar isolated colonies were taken and various biochemical tests 
are done.
Kf Agar
Protease Peptone - l%
Yeast extract - 1%
Sodium Chloride - 0.5%
Sodium glycerophosphate - 1%
Maltose " 2%
Lactose " 0.1%
Sodium A^de ■ 0.04%
Bromo-cresol purple - 15ml/litre
Agar _ 1.5%
Water _ looml
- 7 . 4
The Faecal Coliform - Faecal Streptococci ratio was constructed 
by using this formula.
Faecal Coliform = Ratio
Faecal Strep
Interpretation
F £  > 4.0 
FS
When the ratio is greater than or equal to 4, it may be
taken as strong evidence that pollution derives from human wastes
FC < 0.7 
FS
When the ratio is less than or equal to 0.7, it may be taken
as strong evidence that pollution derives predominantly or
entirely from livestock or poultry wastes.
2 < FC < 1.0 
FS
When the ratio is between 0.7 and 1.0, it may suggest a
predominance of livestock and poultry wastes in mixed pollution
1 FC < 2 . 0  
FS
When the ratio falls on values from I to 2, it represents a 
"grey area" of uncertain interpretation. Samples should be taken 
nearer the source of pollution.
IMVic . reactions
IMVic hese tests are used to identify Enterobacteriaceae. 
Indole test
The test determines the ability of an organism to 
produce indole from aminoacid tryptophan. This is tested in a 
peptone water culture after 48 or 96 hours incubation at 37°c. 
Added 0.5ml Kovac's reagent and shaked gently. A red colour 
indicates a positive reaction. Kovac’s reagent consist of
Para dimethylaminobenzaldehyde - lOg 
Amyl or isoamyl alcohol - 150ml
Cone. Hcl - 50ml
Methyl red test
The test is employed to detect the production of acid 
during the fermentation of glucose and maintenance of a pH 
below 4.5 in an old culture. Five drops of 0.04% solution of 
methyl red are added to the culture in glucose phosphate medium 
incubated at 30^c for five days, mixed well and read at once.
Voges-Proskauer test (VP test)
This test involves the detection of diacetyl 
(CH3C O .COCH3 ) or its precursors acetoin and 2,3 butonediol 
formed. In the presence of alkali and atmospheric oxygen, the
small amount of acetyl methyl carbinol present in the medium is 
oxidised to diacetyl which reacts with the peptone of the broth 
to give a red colour.
Requ i reraent s
Glucose phosphate Peptone broth 
5% alpha naphthol in ethanol 
40% KOH
Method
The test is performed by adding 0.6ml of alpha napthol 
and 0.2ml of KOH are added to one ml of glucose phosphate culture
of the organism incubated at 30®c for 5 days or 37®c for 48
hours. In a positive reaction, a pink colour appears in 2-5 
minutes, deepening to magenta or crimson in half an hour.
Citrate Utilisation test
This test determine the ability of an organism to use 
citrate as the sole source of carbon.
Requirements
Simmon's citrate medium 
Culture to be tested.
One loop full of organism is inoculated into this 
medium and placed for an overnight incubation. Presence of blue 
colour indicated the positive result.
Urease Test (Christen-Sen* medium)
Urease producing bacteria reduce urea to ammonia.
Method
Inoculate the slope heavily and incubated at 37°c and 
placed for an overnight incubation. The medium change in pink 
colour show the positive result.
I . Fer mentation tests
Tested in sugar media. Acid production is showed by- 
change in the colour of the medium and the gas produced 
collects in Durham's tube. Sugars like Mannitol, xylose, 
Dulcitol, Salicin and arabinose are tested. After the 
overnight incubation the medium which change in pink colour 
and gas produced at Durham's tube indicates the positive 
result.
TSI agar m e d i u m
To differentiate Enterobacteriaceae according to their
ability to ferment lactose, sucrose and dextrose and to 
produce H2S.
Con5>osition
Peptone - lOg
Tryptone - lOg
Yeast extrant - 3g
Beef extract - 3g
Lactose - lOg
Sucrose - lOg
Dextrose - Ig
Ferrous Sulphate - 0.2g
Sodium thio sulphate - 0.3g
N a d  - 5g
Phenol red - 0.02 ugm
Agar - 12
pH 25°c {7.4 + 02)
The culture may be inoculated over the entire surface 
of the slant using a young culture as the source of 
inoculum. Stab inoculations were made.
Yellow colour is seen when medium is acidic due to 
sugar fermentation and pink colour is seen due to alkaline
nature of the medium when oxidative decarboxylation of 
proteins take place. H2S produced is visualised as a black 
precipitate resulting from the reaction between H2S produced 
and ferrous sulphate present in the medium. Gas produced 
(usually H2P 02) is viSlualised as bubbles in medium or 
cracking of medium or lifting of the butt.
11. Presunptive Method
a. Multiple Tube Method or Most Probable Number Method)
A method for estimating the concentration of 
viable organism (usually bacteria) in a suspension. 
The most probable number (MPN) calculations are used 
commonly to enumerate, particularly physiological 
types of microorganisms such as lactose fermenters in 
Coliform counts. The MPN method gives higher count 
than the spread method, some times as much as 10 times 
higher.
Purpose: To familarize with a method applicable to the 
study of the bacterial content of water with special 
emphazis upon the identification of the colon-aerogenes 
group.
Media: MacConkey broth double strength and single 
strength
Con^osition
Sodium taurocholate - 5g
Peptone - 20g
Sodium chloride * - 5g
Lactose - lOg
Bromo Cresol Purple - 1ml
(1% solution in ethanol)
Distilled water - 100ml
MacConkey broth in fermentation tubes with small 
inverted Durham’s tube inside.
Inoculate the water sample as follows
Sample No. of tubes Types of medium
lOml Five(lGml) Double strength MacConkey
iml Five(5ml) Single strength MacConkey
0.1ml Five(5ml) Single strength MacConkey
Inoculated the tubes at 37*^ c for 18-24 hours and 
gas production was noted and if negative incubated 
further 24 hours. Following incubation each tube was 
examined for presence or absence of growth.
b. Differential Coli-aerogenes test
To determine whether the Coliform organisms detected in 
the presumptive test are E. coli. then further 
differential test must be applied.
Eijkman test: This depends on the ability of E. coll 
(type I), to produce gas when grown in MacConkey medium
at 44'^ c.
Requirements
Brillicuit Green Bile Broth
Peptone - lOg
Beef Extract - 20g
Lactose - lOg
Brilliant green(0.1%) - 13ml
Distilled water - 13ml
Brilliant gree bile broth was prepared with 
inverted small Durham's tube inside in fermentation 
tubes.
All the tubes which show positive acid and gas 
production in the presumptive tests are inoculated 
into this medium. The tubes are then incubated for 24 
hour at 44°c+ 0.5°c in a water bath.
By using Manja's method: This is a very simple method 
and can use an alternative method for MPN method. The 
presence of coliform in drinking water is consistently 
associated with the organism that produce^ Hydrogen 
sulphide. This simple method assess faecal contamination 
in surface water based on the detection of hydrogen
FIG 2 - CHECKING OF FAECAL POLLUTION - MANJA'S METHOD
READY-TO-USE
MEDIA
V
W A T t n
TO BE TESTED 
FILLED TO 
THE TOP OF 
THE LABEL 
(20MLAPPX.)
KEEP AT ROOM TEMP. 
{3 0 ® C -3 T *O  FOR I® HRS.
=aa^
NO CHANGE IN MEDIA MEDIA TURNED BLACK
n o t  p o l l u t e d POLLUTED
Fig.3 CHECKING OF FAECAL POLLUTION 
M A N J A . I9 8 6
FIG 7 & 8 - MANJA'S MEDIUM WITH WATER SAMPLE

sulphide producing organisms.
Materials: Manja's itiedium; Filter paper; Me - cartney 
bottles
C o n p o s i t i o n  of Manja*s medium
Peptone 
K2 HP04
Ferric ammonium citrate 
Sodium thiosulphate 
Teepol
Distilled water
20g 
1.5 g 
0.75 g
1 g
1 ml 
50 ml.
Aliquots of 1 ml of the concentrated medium were 
absorbed onto folded tissue paper (80 cm'^ ) , which was 
placed in a McCartney bottle, sterilized and dried »at 
50°C under sterile conditions. The water samples to be 
screened for facecal pollutions were placed in the 
bottles upto a precalibrated mark {20*^ ml) and allowed 
to stand at ambient temperature (30-37°C). Faecal 
pollution is indicated if the contents of the bottle 
turned black within 12-18 hour, in this case, the water 
was graded as faecally polluted.
5. RESULTS
T ib lt lo . 2
IdentificitioD of bacterial strains fron fish saiples
laie of 6 L s K D A s X u I V c 0 II R
Bio-cbe- a u a u r a Y r Q K p X 0 2
lical u c c n a e d t i t S
tests c t r n c b 0 a 0 r d i Identified Hicro
0 0 0 1 c s 8 a a organists
s 8 s t t D e e e t 8
e e e 0 0 0 n e e t
Stain 8 y
lo. e
I FI ♦ _ _ 4 + 4 _ 4 4 4 . 4 . 4
♦ Citrobacter freiwdi 4-
F2 ♦ \ I - - - 4 f 4 - 4 - 4 - 4 4 Proteus lirabilis
F3 ♦ X - - - -L \ - 4 4 Providencia
F4 + •f 4 4 4 - 4 - 4 4 - - - 4 - E.Coli.
F5 - f + 4 - - + - - + - - - - - Sbigeila sonnej
F6 + - - 4 - - 4 4 4 - 4 - 4 - 4 4 Proteus ■irabilis
F7 + \ JL • X I - - - 4 4 ~ 4 - Enterobacter
II FI + f 4 _ 4 _ . 4 4 . 4 E.Coli.
F2 + 1 ± - - JL X - - - 4 4 - - - - Shigella sonniei
F3 + 4 4 4 4 4 4 4 4 • •
■
4 B. Coli.
III FI f 4 4 4 4 4 4 4 4 Klebsiella
F2 ♦ - - - - - 4 ♦ • 4 4 • • 4 - Edvardsiella
IV FI + + 4 4 4 4 4 4 4 _ _ 4 _ E.Coli.
F2 * * 4 4 4 4 4 4 4 - - 4 4 - - - Klebsiella
F3 f - - 4 4 4 4 4 4 4 4 - 4 - 4 - Proteus rettgerii
F4 + \ - - 4 4 4 - - 4 - 4 - 4 - Citrobacter freundi
F5 - I 4 4 4 4 Zyioionas
V FI f 4- 4- 4 4 4 _ Klebsiella
F2 _ 4 _ - 4 - - - - - - 4 - 4 - Enterobacter hafaiae
F3 - - - - + - - - - ” 4 4 ” 4 “ Eoterobacter cloacae
VI FI t + 4 4 4 4
. 4 4 _ _ 4 E.Coli.
F2 ♦ + 4 - I L J_ + - - 4 4 - - - Enterobacter
F3 ♦ 4 4 - 4 4 4 - - 4 - - - - - Shigella
F4 - - - ” 4 J.
1
4 4 4 Edvardsiella
P = Fish saaple 
- = Hegative do acid 4Dd gas
4 < Acid and gas 
1 = Acid only
T ib li k .  3
IdeDtificaiion of bicterial strains froi Ice sasples
R u e  of 6 L s N D A s X U
tests a u a U r a y r D
Q c c Q a e d
C t r n c b 0 a 0
0 0 0 c 8 s
s s 5 t t n e e e
e e e 0 0 0 n
Stain s
lo. e
I
Ice 1 ♦ 4 f 4 - 4 - 4 4 -
Ice 2 4 4 4 • 4 4 4 -
11
Ice 1 4 4 4 4 4 4 > -
Ice 2 - - - - 4 - 4 f
Ice 3 ♦ 4 4 4 * 4 4 *•
III
Ice 1 ♦ 4 4 4 * 4 4 4
■
IV
Ice 1 4 4 4 4 4 4 4 4 4 -
Ice 2 t - - 4 - 4 4 4 f -
Ice 3 4 4 4 4 **
■ ■
4
V
Ice 1 4 4 4 4 4 - - 4 - •
Ice 2 4 4 4 4 - - 4 4
Ice 3 4 - - 4 -
Ice 4 4
C 0 N 8
X 0 2
t t S Identified licro
r d orgaDisBs
a a
t s
e e
y
4 Klebsiella
4 • - Eaterobacler
4 E.Coli.
- - 4 4 EdvardsieUa tarda
4 - 4 Esterobacter acrogenes
4 - 4 - Enterobacter bafniae
4 Klebsiella
4 - f 4 Citrobacter freundi
4 - Enterobacter
4 4 Enterobacter aerogenes
Shigella sooQei
4 - 4 - i^terobacter bafniae
4 4 + Zyioioaas
m i c r o b i a l f l o r a encountered in MacCONKBY AGAR
Selected colonies were isolated based on morphological 
variations from each plate and maintained on nutrient agar slants 
for doing various physiological and biochemical tests. By 
morphological variations and by various biochemical tests 
isolated cultures were identified based on the scheme of Edward's 
and Ewing (1972) .
Microflora of Fish
Totally 24 colonies were isolated from the fish sample 
{Table 2) out of which E. coli predominated and formed 20.83% of 
the total isolates. Enterobacter species was encountered in the 
intensity of 16.66%. Klebsiella. Shiaella and Proteus occurred 
almost in the same intensity forming 12.5%# 8.33% were 
Citrobacter and pdwardsiella species. Providencia and Zymomonas 
were also encountered in one of the fish sample which showed 
their stray occurrence. Generally quantitative occurrence of 
enterobacteriaceae in selective media was uniform in all the 
observations as the sampling frequency was too close to cause 
variations.
Microflora (Enterobacteriaceae) from Ice
13 colonies were randomly isolated from ice sample for 
identification (Table 3) . In ice sample £. gfl.Ii was absent
Ttbli lo. 4
Ideotifjcation of Ucterial striins fr<» water SVIB
Idle 6 L S M D A s 1 U I 1 V C 0 H E
of 1 I U a U r a y r n fi p X 0 2 Identified
tests u c c B a e d t i t s Micro orgiDisis
c t r n c b 0 a 0 r d
0 0 0 i c s s ft
5 s s t t n t c e t s
e t e 0 0 0 D e e t
StniD 5 Y
Ro: e
1 HSl ♦ 4 4 4 . 4 . 4 4 . 4 4 4 . Citro bacter
VS2 4 4 4 ” 4 4 4 4 4 - 4 4 •• Proteus rettgeri
11 HSl + 4 4 4 . 4 . . . 4 . . 4 Eoterobacter bafnlae
IS2 4 4 4 - - 4 4 - Enterobacter hafniae
V33 ♦ 4 4 4 - 4 • - - 4 4 - “ - • E.Coli
III VSl ♦ 4 4 4 . 4 . 4 4 4 . 4 Serratia
ifS2 ♦ 4 4 4 - 4 - - 4 4 - 4 4 - - Ilebsiella
VS3 + 4 4 - 4 - 4 - Provideocia
»S4 ♦ 4 4 - . • 4 4 4 - - 4 4 - - Ilebsieila
VS5 - - - - 4 - 4 4 - - 4 - - + 4 - ZyMioBas
VS6 ♦ • - 4 * - “ 4 * 4 4 • 4 4 • Prote«s rittgerj
IV VSl ♦ 4 4 4 . . 4 4 4 • * Ilebsieila
VS2 + 4 4 - - 4 4 4 - - ♦ 4 4 4 • Efiterobacter bafoiae
V VSl 4 4 4 4 4 . . 4 4
_ 4 E. coll
VS2 4 4 4 4 - - •• " 4 • *• 4 •
■ ■
Klebsiella
VI VSl 4 4 4 4 4 4 4 4 4 4
_ 4 . E.Coli
VS2 4 4 4 - - 4 - 4 4 - 4 - Providencia
VS3 4 4 4 4 4 - 4 - 4 4 - - - 4 - E.Coli
H<U 4 4 4 4 - 4 4 - - • Klebsiella
VS5 4 4 4 - - 4 4 - - 4 4 4 • 4 “ Enterobacter hafriae
except in one sample, Edwardsiella, Shigella and Citrobacter are 
also found in one observation. ice sample was predominated by 
finterobacter species 4 5 .15% and the remaining isolates was 
Klebsiella the intensity of being 15.38%.
Microflora of Water
Totally twenty colonies (Table 4) were isolated for 
qualitative determination. Of these Kl ebsiella predominated 
forming 25% of the total. E. coli and Enterobacter species also 
formed 20% of the total isolated bacteria Shiaella and Zymomonas 
were rarely isolated from the water samples, Providencia. 
Proteus. Citrobacter were identified and formed 10% of the total.
Differential Characterisation of bacteria isolated from fish
Table 2 illustrates the biochemical tests performed in 
ail the six observations in the strains of Enterobacteriaceae
isolated from fish sample. In the first observation (March 1997) 
a  t-.robacter freundi. Proteus m i r a ^ H s, Pr<pvj-dencia, E. ggli and 
Shigella sonnei were identified. Second observation on the same 
month E. coli and Shigella sonnei were isolated and in the third 
observation Klebsiella and EdwarasieU^ were the organism 
encountered. In the fourth investigation qqI±, Klebsiella.
Proteus rf=^r.taer±. Citrobacter freundi and Zymomonas have been 
observed Kl *=^b.giella. Enterobacter -t^fnige and Enterobacter 
cloacae were isolated from fifth observation CQ_li
Morphological and biochemical characteristics of bacteria 
isolated from fish samples collected at Cochin Fish landing 
centre from March 1997 - April 1997.
Characteristics Frequency of occurence (%)
Gram stain 100
Motility 75
I . Sugar fei.mentation
Glucose (Monosaccharide) 83.33
Lactose (Disaccharide) 75
Sucrose (Disaccharide) 75
Mannitol (Sugar alcohol) 54.16
Dulcitol (Sugar alcohol) 37.5
Arabinose (Mono saccharide) 66.66
Salicin (Glycosides) 66.66
Xylose (Mono saccharides) 75
Indole 37 .5
MR 66 .66
VP 29.16
Citrate 58.33
Urease 33 .33
Oxidase 4.16
H2S 16.66
EntgJTQb^Ct er,, Shiggli^, and Bdwardsiella have been isolated 
during April 97.
In sewage and receiving waters, all coliform organisms 
cannot be considered indicators, as some may multiply in nature 
and most of than do not have a fecal origin, but may belong to 
nature. For that reason only Escherichia coli (type I) is 
considered a proper indicator and only that group can be 
estimated quantitatively with an adequate precision (elevated 
temp incubation + indole test)
In the present study E. coli (type I) was isolated in 
all the 4 observations in water and 5 observation in fish samples 
and in ice samples coli (type I) was found in one observation.
Enzymatic reactions
All bacteria isolated from fish samples are gram 
negative rods, 75% were motile. The international comittee 
recommended biochemical tests for group differentiation of 
Enterobacteriaceae (Report 1958) , Much use has been made for 
identification. Metabolism of carbohydrate an anaerobic 
phenomenon or fermentation usually result in the production of 
acids. There is a wide difference in the products of breakdown 
during fermentation. These can be tested for their nature used 
for their diagnostic purposes.
Table No. 6
Differentiation of Enterobacteriaceae based on IMvic - Test_^
Sample Identified
Microorganisms Typical Reactions
Indole Methyl
Red
Voges
Proskeur
Citrate
Pish 
1 . Citrobacter freundi + +
Proteus mirabilis - +
—
+
Providencia + + - -
E. Coli + + - -
Shigella sonnei - + - -
Enterobacter
species
- - + -
Klebsifiella - - + +
Edwardsiella + + - -
Proteus r£ttgeri + + - +
Zyino«'K>tia.5 1
Enterobacter
hafniae
-
- - +
Enterobacter
Cloaceae
—  - .
■
+ +
Table 5 illustrates 83.23% of the isolates were capable 
of fermenting glucose (Monosaccharide) . 75% of the isolates were 
capable of fermenting lactose and sucrose (Disaccharide) . Sugar 
alcohol like Mannitol and dulcitol was fermented by 54.16% and 
37.5% respectively. Monosaccharide like Arabinose and xylose was 
fermented by 66.66% of the organism and 75% of the organism 
respectively. Glycoside salicin was tested for their 
fermentation capability and 66.66% was capable of fermenting 
salicin.
IMVic test
Indole was produced from the amino acid tryptophan by 
37.5% isolates. (Table 5) 66.66% of the isolates fermented 
glucose giving positive reaction in methyl red test - Acetyl 
methyl carbinol was produced by 29.16% . 58.33% of the isolates 
were capable of utilising citrate as the sole source of carbon.
Typical results showed by various isolates were given 
in the table 6. of these four tests the MR and VP are most 
significant since they indirectly revealed the mode of 
fermentative sugar break down. Imvic pattern o f + + - + ,
- - - + formed 4.16%, 12.55 formed - + - - and 16.6% formed - + - 
+ in the fish sample. 33.33% formed + + - - showing the presence 
of and Rdwardsiell^. The percentage distribution of all
Imvic obtained and the organism isolated were shown in Table 8 
and 9.
Potential of flora from fish
33.3% were capable of producing ammonia from urea. 
Very poor oxidase was there in the isolated culture which show 
the abscence of cytochrome oxidase in the isolates.
H2S can be produced by all bacteria in small amounts. 
But definite level of sensitivity of thiosulphate utilisation may 
be of value in intra group differentiation. In the present study 
16.66% were capable of producing H2S in TSI - reaction. HjS is 
usually detected by the black insoluble ferrous salt in the 
slant.
Bacterial Profile from Ice
All the Enterobacteriaceae isolated from ice are given 
in Table 3.13 Selected colonies were isolated and subjected to 
various biochemical tests. Two colonies were isolated from first 
observation and they were Klebs^iella. Bn^erobacter. E. cflii, 
EdwardsielLa tarda and En.terobflct.er aerogene.g are encountered in 
second observation. pnterobacter hafniae was isolated from the 
third observation. From fourth observation KLebsiella. 
Citrobacter freundi and Enterobacter were isolated. The fifth 
observation harboured Enterobacter asroaenes, iSliigaila ficnnfii, 
Rntprnbacter hafniae and ZymoTnQ.aa_s. Faecal coliform was abscent 
in sixth observation.
£• eoli (type I) was found only in second observation
Characteristics Frequency of occurence {%)
Gram Stain 100
Motility 76.92
Fermentation reactions
Glucose 100
Lactose 69.2
Sucrose 69.2
Mannitol 76.92
Dulcitol 23.07
Arabinose 6.92
Salicin 53.84
Xylose 76.92
Indole 15.38
MR 46.15
VP 46.15
Citrate 61.53
Urease 23.07
Ox i dnnn 7. r>7
HjS 15.38
Bacteria associated with fish samples 
{%) Enterobacteriaceae
- Types of IMvic reaction
Table A
From Fish Sample
Percentage 4.16% 12.5% 16,6% 25 33.33
Pattern of 
IMvic
+ + - + 
- - - +
- + - -
- + - + - - + + + + - -
Table B
From Ice Samples
Percentage 7.96% 15.38 46.15
Pattern of
IMvic - + + - + + - - - - + +
- + • - - - f - +
- - - +
Table C
From Water Samples
Percentage 5% 10% 15% 25% 30%
Pattern of 
IMvic - + - + + + - + - + + + - - + + + + - -
Differentiation of Enterobacteriaceae based on IMvic - tests in 
ice samples.
Sample Identified
Microorganisms Typical Reactions
Indole Methyl
Red
Voges
Proskeur
Citrate
Ice Klebsiella freundi - - + +
Enterobacter
aerogenes
-
- +
E. Coli + + - -
Edwardsiella tarda + + - -
Enterobacter
hafniae
-
- + +
interobacter 
freundii
- + - +
Shigella'Sonnei - + - +
Zymomonas - + - +
Biochemical characteristics of Enterobacteriaceae isolated from 
ice
Table 7 shows that all isolates were gram-negative rods 
and 76.92% showed motility. All the isolates fermented glucose 
with acid or acid and gas. 69.2% were capable of fermenting 
lactose and sucrose. Acid alcohol like mannitol and Dulcitol 
were fermented by 76.92% and 23.07% of the microorganisms 
respectively. 53.84% were capable of utilising salicin. 
Arabinose and xylose were fermented by 69.2% and 76.92% of the 
isolates respectively.
Imvic - Tests
By using amino acid tryptophan 15.3% were capable of 
producing Indole. 46.15% isolates were MR and VP positive. 
61.53% of the isolates were capable of utilising citrate as the 
sole source of carbon Table 8 shows that three combinations of 
Imvic pattern was showed by 7.96% of the organism. The pattern
- - - + .  the highest percentage of 46.15% 
included - - + + in the pattern of Imvic. So Enterohart^f^r 
aerogenes was predominated in the ice sample. Citrate permease 
is abscent in £. coli and present in Enterobacter which makes 
this differentiation (Table 8 and 9 ).
Morphological and biochemical characteristics of bacteria 
isolated from water samples collected at Cochin Fish landing 
centre from March 1997 - April 1997.
Characteristics Frequency of occurence (%)
Gram stain 100
Motility 75
Sugar fermentation
Glucose 95
Lactose 85
Sucrose 85
Mannitol 65
Dulcitol 10
Arabinose 45
Salicin 35
Xylose 60
Indole 45
MR 65
VP 50
Citrate 65
Urease 40
Oxidase 5
H2S 0
Biochemical potential of flora from Ice
23.07% of the isolates were ureolytic converting urea 
to ammonia. 7.96% were sensitive to cytochrome oxidase reaction 
15.38% isolates were capable of producing H2S.
Bacterial profile from water sample
Bacteria isolated from water sample are given in Table 
4 .,Six observations were made in the present study. Citrobacter 
and Proteus rettgeri were isolated from the first observation ^ 
during March 1997. From the second observation Enterobacter 
hafniae. coli were isolated. Serratifl, Klebsiella.
Providencia. Zymomonas and Proteus rettgeri were isolated from 
the third observation and Enterobacter hafniae from fourth sample 
in April 1997, providencia. Klebsiella and Enterobacter
hafniae have been isolated. fi. coli were observed in three 
samples.
Enzymatic pattern of bacteria isolated from water san5>le
All are gram negative rods and 75% of the isolates were 
motile 95% of them were fermented glucose with the production of 
acid or acid and gas. 85% of the isolates were capable of 
fermenting lactose and sucrose. Mannitol and Dulcitol are 
fermented by 65% of the microorganism and 10% of the 
microorganism respectively. Glycosides like salicin were
Differentiation of Enterobacteriaceae based on IMvic tests in 
water sample.
Sample Identified
Microorganisms Typical Reactions
Indole Methyl
Red
Voges
Proskeur
Citrate
Water
Citrobacter - + +
Proteus rettgeri + +
—
+
Enterobacter
hafniae
- - +
E. Coli + + - -
Serratia - + + +
Klebsiella - - + +
Providencia + + - +
Zymomonas - + - -
PI + + - +
fermented by 35% of the microorganism. 45% of the total and 60% 
of the microorganism were capable of fermenting monosaccharides 
like Arabinose and xylose respectively. (table noj/<?) .
IMVic
45% of the isolates were Indole and MR positive. 50% 
of them are VP positive. By utilising citrate as the sole source 
of carbon 65% of the isolates were considered as citrate 
positive. Four types of IMVic pattern was found in 5% of the 
total isolates, the combination being - +
“ + - +. Predominant Imvic combination was of £. coli (type I) 
forming 33% of the total isolates. (Table 8 and 11). 
Bnterobacter species combination - - + + formed 2.5% of the total 
isolates from the water sample.
Biochemical potential of the isolates
Very few organism 5% of them were capable of catalysing 
the oxidation of reduced cytochrome by molecular oxygen. All of 
the organism were H2S negative.
The pathogenic significance of Triple sugar iron agar 
is not clearly defined. But parr (1933) showed close 
relationship between anaerogenic E. coli and slow lactose 
fermenting coliform bacilli to the Salmonella and Shiael1a
Strain Glucose Lactose/
sucrose
Gas H2S Identified
Organism
I. Fi + + + Citrobacter freundi
Fp +
_ + Proteus mirabilis
+ + - + Providencia
+ + + - E. coli
+ + - Shigella sonnei
+ - - + Proteus mirabilis
+ + + - Enterobacter species
II. + + + - E - coli
+ + + - Shigella
^3 + + -
- E . coli
III. F, + + _ Klebsiella
^2 + + + -
Edwardsiella
IV. Ft + + +
_ E . coli
+ + + - Klebsiella
A +
- - - Proteus retggeri
+ + - - Citrobacter freundi
+ + + - Zymomonas
V. Fi + + + _ Klebsiella
_ _
-
- Enterobacter hafniae2
^3 + -
-
- Enterobacter cloacae
VI. Fi + + + - B.coli
^2 + + +
- Enterobacter species
^2 + + + - Shigella
-
—
+ Edwardsiella
Strain Glucose Lactose/
sucrose
Gas H2S Identified
Microorganisms
I . It + + + Klebsiella
^2 + + +
-
Bnterobacter species
II. It + + + _ E. coli
+ + + - Edwardsiella tarda
A + +
+ - Enterobacter aerogenes
III. ii + + + - Bnterobacter hafniae
IV. Ii + + + _ Klebsiella
+ _ - - Citrobacter freundi
+ + + + Enterobacter
V It + + + Enterobacter aerogenes
+ + + - Shigella Sonnei
+ _ - - Enterobacter hafniae
I4 +
+ + Zymomonas
Strain Glucose Lactose/
sucrose
Gas HjS
I. WSt + + + _
WS2 - + +
II. WSt + - - -
WS2 + - - -
WS3 + + + ~
III. WS, + + - -
WS2 + + + -
WS;> + - - -
WS4 + + + -
WSc + + + -
WSg + + + “
IV. WSi + + + -
WS2 + + +
■
V. ws^ + + -
WS2 + . + +
VI. WSt + + + -
WS2 + + + -
WS3 + + + -
WS4 + + + -
WS5 + + +
Identified 
Mi croorgani sms
Citrobacter 
Proteus rcttgeri
Enterobacter hafniae 
Enterobacter hafniae 
E. Coli
Serratia
Klebsiella
Providencia
Klebsiella
Proteus rfittgeri
Klebsiella 
Enterobacter hafniae
E .coli 
Klebsiella
E.coli 
Providencia 
E .coli 
Klesbsiella 
Enterobacter hafniae
groups. TSI agarmthe present investigation does not eliniinate 
all saccharose fermenting strains of Proteus and ParaCQlQUfi• Th® 
present study H2S producing forms were very less - four in fish 
sample and one in ice and H2S producers are completely abscent in 
water samples. (Table 12, 13, 14)
Bacteria are the classical monitors of faecal pollution 
in the aquatic environment but many eg. S. coli and coliforms are 
restricted in their usefulness to areas near the source of 
pollution.
Faecal index was constructed to find out the nature 
source and origin of faecal pollution. The ratio between the 
number of £. coli {type I) to the faecal streptococci will form 
the faecal index. The number of R. coli (type I) in the 
selective macConkey media was determined by its morphological 
appearance and confirmed by various biochemical tests. The 
enumeration of faecal Streptococci was ateo done in the selective 
KP media.
Faecal index of fish
E- coli type (I) was 5 and Streptococci was 14 in 
number in the first observation. In the second observation the 
faecal index was 0.7. None of the E. coli (type I) can be 
isolated from the third observation. So faecal index could not 
be constructed. In fourth sample faecal index was 0.3 which
Sample
No
Collection
Colony Count 
on Mac Conkey 
agar
Colony Count 
on KF agar
Fecal Index
Fish Ice Water Fish Ice Water Fish Ice Water
1 5 0 300 14 1 5 0.3 60
II 20 4 300 28 1 23 0.7 4 13.4
III 0 0 300 7 2 23 13.4
IV 9 0 300 26 1 28 0.3 10.72
V 0 0 300 0 0 300 1
VI 4 ,0 300 9 0 23 0.4 13.4
indicated origin of faecal pollution from animal source. E.
(type I) and faecal Streptococci was abscent in fifth sample. 
The ratio of four g. coli and nine faecal ^qtreptococcx gave 0.44 
as faecal index in sixth sample. Faecal index 0.4 indicated 
again nature and origin of faecal pollution is from animal 
source. {Table 15)
Faecal index of Ice
K. coli (type I) was absent in the first observation 
but a single colony of faecal Streptococci was encountered. In 
the second observation 4 colonies of £. coli were isolated but 
single faecal Streptococci was only encountered. So the faecal 
index was found to be four which indicated again the nature of 
the origin and source of faecal pollution from human origin. In 
the fourth observation £. coli was abscent and only one faecal 
Streptococci was recorded. In the fifth and sixth observation 
none of the organism could be isolated.
Faecal index of water saxaple
In all observations total colonies were countless, so
£1. coli was not isolated. Five faecal Strentococgi was isolated
in the first observation 23 colonies were found in the second,
third and sixth observation. In the fifth observation colonies
were countless. So faecal index was constructed in water
sait^les to assess the nature and origin of faecal pollution from 
human origin.
Qualitative Detection of faecal coliforms in ice fish and floor 
water SWAB samples from Fish - Landing Area - Fisheries Harbour
Obser­
vation
MPN method
Elevated
temperature
method
Manja's method
SAMPLES
1 2 3 1 2 3 1 2 3
Pish Ice Water Fish Ice Water Fish Ice Water
I 1800 + 13 1800 + 1800 + 13 + 130 + + +
II 1800 250 1800 350 80 1800 + + +
III 1800 80 1800 50 25 1800 + +
IV 1800 550 1800 1800 225 1800 + - +
V 1800 250 1800 250 17 250 + + +
VI 350 1800 350 2 1800 + ■f +
II MPN - TEST RESULT
Fish Sattple:- In most probable number test the organism 
were found countless in all samples except the sixth sample. 
The colony count from Mccardy’s probability tables showed a 
maximum and 1800 in first five observation. In the last 
observation the count was found to be only 250.
The MPN - test is relatively non-specific since, many 
bacteria can grow at 37°C in lactose broth with acid and gas 
production Eijkman's test was much specific of primary 
enrichment of E. coli if inoculated in Glucose broth and 
incubated at 44°C. The slight elevation of incubation 
temperature eliminates Enterobacter aerogsnes and other 
organisms selectively permitting the growth of fi. coli.
In differential coliform test {Eijkman's test) great 
variability was observed in the colony count. The first and 
fourth sample showed the count as 1800. The most probable 
number of bacteria in second and sixth observation was found 
to be 350. Second and fifth observation showed the count as 
50 and 250 respectively.
Ice sanple:- in the presumptive test Fig (16) (MPN test) 
first observation showed the count of 13. Second and fifth 
observation showed the count as 250. The third observation 
showed the least number, that is 80 and 550 was the highest 
count, observed in the fourth collection.
In Eijkman test great variability was observed in their 
colony count. 55, 80, 25, 225, 17 and 2 were the most 
probable number found in first, second, third, fourth, fifth 
and sixth observations respectively.
Prom water san^le
In the presumptive test all the observations showed the 
highest number that is countless (1800).
In differential Eijkman's test the same positive 
(countless) results were observed in second, third, ' fourth 
and sixth sample. The first observation showed the count of 
130 and fifth showed the count of 250, the fifth san^le 
exceeding the limits of 180/100 ml.
Ill Manja's method
All the three sample of fish, ice, and water showed 
the positive results in all observations, indicating the 
faecal pollution of fish, ice and water. The medium was 
turning black immediately after pouring the samples. Only in 
ice samples the H2S production was slow and black colour 
formed indicated Hydrogen Sulfide production indicating the 
anaerobic bacterial intensity.
It is a simple method for assessment of contamination 
based on detection of H2S producing organisms. Presence of
coliforms is consistently associated with organisms that 
produce Hydrogen sulfide (H2S). Enteric bacteria such as 
Salmonella. Proteus. Citrobacter and some strains of 
Klebsiella also produce^ H2S.
Water samples turning black in Manja's medium were 
graded as unsatisfactory. Faecal pollution was indicated if 
the contents of bottles turned black within 12-18 hrs. In 
the present study all water samples and fish samples were 
turned black within 2-4 hrs. only in the case of ice sample 
it took 8-10 hrs for turning black in Manja's medium. All 
samples are considered unsatisfactory in the present 
investigations, whenever manja's medium was used for 
investigation.
The following genera of Enterobacteriaceae were
isolated from MacConky medium. j£. CQli, Shigella. 
Klebsiella. Proj:eus, Citrobacter. Enterobacter 
Edwardriella. Providencia and Zymomonas are the organisms 
isolated based on Edwards and Ewings (1972) which might have 
produced H2S in the medium.
6. DISCUSSION
When fish is caught from natural waters away from land 
masses, microbial flora mainly consists of bacteria which are 
harmless to human being. Handling after catch in fish-Landing 
centres introduces contamination of varying degrees.
Pathogenic bacteria that may cause contamination of
fishery products are Collforms. Escherichia_Faecal
StreptQCQCci. Staphylococgj^ _salmonella. vibrio and others.
Coliform organisms particularly fi. coli and faecal 
streptococci are indicative of faecal contamination. Primary 
habitat of fi. coli is the intestinal tract of man. It is reported 
that one gram of faeces contain 10^ to 10® fi. coli/gm. Like 
£* coli the primary habitat of Faecal Streptococci is the 
intestinal tract of man and animal. It is reported that 10^ to 
10^ numbers of Streptococci are present in one gram of faeces.
£. QQli. or faecal St,reptaCQC,cl are absent in offshore 
waters but their presence is reported in near-shore waters. 
Apart from this, the water gets contaminated by direct contact 
with faecal matter* Fish caught from sewage contaminated water 
will have more of those organisms. Flies and insects act as a 
source for contaminating the product with these organisms. Since 
their presence is an indicative of faecal contamination, there is
every likelihood that the product might be contaminated with 
other pathogenic organisms.
Salmonella is present in the gut of infected persons 
and warm-blooded animals. A true incidence of human disease 
arising from faecal contamination of fish, ice or water is 
impossible to determine. An insight into the problem is necessary 
as this pathogen or indicators of pathogen will deteriorate the 
quality of fish by creating variations in morphological 
appearance, colour and texture of the muscle etc. Transmission 
through the contaminated water supplies most serious source of 
infection and was responsible for massive epidemics for enteric 
diseases.{particulary Typhoid and Cholera). Today these disease 
are almost unknown for most part of the world although cholera 
has recently reappeared in some places like Alappuzha district 
and in Mediterranian countries. Their eradication was achieved 
primarly by appropriate sanitary controls. An essential part of 
this operation was "The development of bacterial methods for 
ascertaining the occurrence of faecal contamination in water and 
fish and other food stuffs".
It is seldom possible to isolate enteric pathogens 
directly from contaminated water or fish because they are usually 
present in small numbers. To demonstrate faecal contamination it 
is sufficient to show the presence of bacteria specific 
inhabitants of intestinal tract even though they may not be the 
agent of disease. The bacteria that can be used as indices of
such contamination or faecal streptococci and • APHA has
designated the following six indices to denote the faecal 
contamination.
1. Conforms - Total coliforms
2. Escherichia coli - Faecal colifoms
3. Faecal Streptococci
4. Salmonella
5. Staphylococci - body pollution indicator
6. Clostridia etc.
The methods of sanitary analysis developed by 
bacteriologist differ some what from country to country.
In the presence study £. coli type (I) and faecal 
streptoGQcci employed as a faecal tracer. The fish landing 
centres were periodically monitored for a period of two months 
during March and April 1997. Totally six observations were made 
and all the samples were subjected to bacteriological 
investigation within 18-30 hrs of collection.
Pathogens adsorbed to sediment possess danger by 
adhering to fish catch during trawling and resuspension of 
sediments which result in the release of adsorbed bacteria to 
overlying water thus causing hazards to human health (Sayler 
Ai 1975); Gore at ai (1979) found lower number of indicator 
organisms in sediment sample than water sample. In the present 
study higher number of faecal coliforms were recorded in fish
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samples. The ability of Enterobacteriaceae to utilise nutrients 
from sediments is shown by Hendreich and Morison (1966) . Gerba 
and Macleod (1976) also observed coli to survive and grow in 
natural sea water when nutrient-rich sediment was present.
In the present study water sample harbourd E. coli 
(type IJ in first second, third and sixth observations (Table 4) 
indicating the ability of E. coli to survive in the terrestrial 
environment in ice and also in fish. This is also supported by 
Geldreich (1972) that coliform can survive in bottom deposits of 
aquatic environment for several weeks before they die also 
support the above theory. Vandonsel and Geldreich (1971) 
examined wide variety of sediments and found that total 
coliforms, faecal coliforms, streptococcus concentration were 
hundred to thousand times higher in sediments than in overlying 
water.
Indian standards Institution has recommended tolerance 
limits for bacterial pollutants to the effluent discharge. 2500 
total coliform per 100 ml of water for bathing, recreation, shell 
fish culture and salt manufacture (Table 17) . This value has 
exceeded in almost all the samples in all the observations in the 
present study.
Totally 57 isolates have been isolated identified and 
their biochemical potential were analysed and classified based on 
the scheme of Edwards and Ewing (1972). Nine cultures were
FIG 3 - ENTRY OF MICRO ORGANISM INTO A WATER SOURCE

considered as coli as they are E. coil (type I) giving + + - - 
in IMVic test. The occurrence of Streptococci faecalis (Table 
15) was predominent in fish and water sample. Fish sample 
harbourd 28 faecal Streptococci in the first and twenty four 
faecal streptococci in the second observation. Faecal 
Streptococci in water samples in all the five observations was 
the maximum being 28 per gram. Geldreich and Kenner (1969) found 
two species of Streptococci in water which indicated a very 
recent form and animal waste contamination. The transport of 
faecal indicator organism like E. coli and Streptococci faecalis 
from various sources into a water bodies is given in figure 3.
Fish sample harboured E.(feoli in the first, third and 
sixth observation. £. coli occured 21.73% of the observation 
totally made. 90% of the mussel sample in a purification tank 
contained nine E. coli/ml of tissue (Reynolds 1968) whereas 97% of 
the oyster from common oyster purification plants contained no 
£1- coli in 5 ml of tissue (Wood 1963) .
Morphological and biochemical characteristics of 
Enterobacteriaceae of fish sample (Table 2 and 5) showed they 
were very good in Saccharolytic activities, 83.33% fermented 
glucose 80% ferment lactose and sucrose 60% ferment. Mannitol 
Arabinose and Salicin and 75% ferment Xylose. 50% of the 
isolate were IMVic positive 20% produced H2S from thiosulphate 
(TSI agar). The biochemical potential has enhanced and supported 
the survival of S* coli. Chandrika (1984) obtained more counts of
E- c o l i during monsoon months whenever the biochemical potential 
was found more. Carlucci and Pramer (1951) Mitchell (1968) has 
revealed the 'die off' of col iform was controlled by a variety of 
factors including toxicity, high salt concentration predation, 
competition by native microflora and limited nutrient supply 
Shewan (1962) recorded Salmonellosis resulting from the ingestion 
of fish from the Nile valley, South America and the Great Lakes 
in central Africa which was due to Salmonellas and Shigellas from 
newly caught fish. All these results showed the ability of the 
environment to support the enterobacteriaccae.
In ice samples (Table 2) 13 colonies were randomly 
isolated and identified and R. coli (type I), Edwardsiella. 
Citrobacter. Shigella and Zymomonas were the flora identified. 
Shewan (1965) found surface flora of fish stored in chilled sea 
water differed from that of fish stored in melting ice having a 
gradual build up during storage of the more anaerobic components 
of the original flora. Even if trimethylamine oxide reducers are 
present their metabolism has been diverted into other pathways.
Ice is considered as potential source and danger 
because typhoid bacillus can remain viable for several months in 
ice. Salmonella spp. can tolerate continuous low temperature in 
ice better than alternate freezing and thawing. According to 
Frankland (1894) ice from various lakes in the vicinity of Berlin 
contained from a few to as many as 14,400 bacteria per ml. 
Jensen (1943) found Achromobact.er, Agygbact.er , Bacillus.
CellulomQuas . Ch r omQl^a c t e r ium. FI a voba c t er imn, NicrQCPCC.ua> 
Erateus. Psuedomonas. Serratia and Sprillum apart from S- CQli-£• 
coli remained viable for long periods when frozen in distilled 
water at -16°-40®and -79®. Ice provided beneficial solid surface 
for increased bacterial activity for adsorption of nutrients 
Trihydrol, a form of water in ice, may stimulate the growth and 
activity of bacteria. While ice cannot be relied upon to prevent 
the spoilage of fish or other flesh foods, it has a preservative 
value. According to TARR and SUNDARLAND (1940) ice prepared from 
water treated with 0.1% either benzoic acid or sodium nitrite is 
relatively effective for preserving fish fillets and other 
fleshes of fish. Jensen (1943) reports that chlorine water ice 
azochloramide ice, sodium propionate ice and other kinds of 
germicidal ice show promise for various purposes.
fi. coli (type I) in ice samples occurred only in the 
second observation indicating the faecal pollution ot the water 
used for making ice. Enterobacteriaceae, other than £. coli 
(type I) were present in all the observations. J.J. Licciardells 
and Pentremont (1987) found reduction in total aerobic count and 
inactivation of Pseudomonas putrefaciens in ice. But no 
inactivation of (Table 7) Enterobacteriaceae was seen in the 
present study in ice.
In IMVic test 15.38% were indole producers 53.84% 
were fermentative in M .R .reaction, 53.84% were capable of 
producing acetyl methyl carbinol in Voges-Proskauer reaction.
84.61 were able to use citrate as sole carbon source indicating 
absence of E. coli (type I) in ice samples.
In water samples out of the 20 isolates studied in 
detail (Table 4) 25% formed £. coli (type I). 20% were 
Enterobacter aerogenes. Van Donsel and Geldreich (1967) recorded 
very high levels of naturally occurring fecal coliforms and 
faecal Streptococci in storm water pollution in cincianati Ohio. 
Indicator bacteria contributing to faecal pollution of fresh or 
decaying Salvinia molesta debris was studied by Gore (1977) 
which supported both types of pollution during monsoon and post­
monsoon months. The faecal pollution was entirely from animal 
source during monsoon months (March - July 1977) whereas in the 
present study only in fish sample animal faecal pollution was 
recorded high in fecal streptococci numbers.
Macconky Agaic indicated countless lactose fermenters 
(Table 2) in all the observations while Faecal Streptornrr-i was 
countless only in the 5th observation but in 2nd, 3rd and 6th 
observation the Faecal Streptocci was only 23. In the fourth 
obeervation only 28 Faecal Streptococci was isolated (Table 15). 
When Lactose fermenting forms were countless and assuming that a 
petriplate can accommodate 300 colonies in a 10 cm diameter plate 
Faecal index was constructed and was found above 4 in all the 
observations except the fifth observation where the nature and 
origin of faecal pollution was from warm-blooded animal source
(Table 15) . Weibel et. al (1964) found that pollutional charac­
teristics of urban-run-off was due to non-human origin.
Faecal index was 0.7 in second observation in fish 
sample which indicated the nature and source of pollution from 
animal source. At the same observation faecal index of ice was 4 
and above 4-indicating the origin and nature of faecal pollution 
from human source (Table 15) . In all the other observation the 
faecal index was found to be of animal origin. This shows Faecal 
Streptococci was recorded very high in all the samplings during 
these premonsoon months but the colony size of Streptococci in KF 
agar was (Table 15) punctiform in nature.
Out of the 57 isolates subjected to identification 
based on (Edwards and Ewings 1972) IMvic tests, the following 
genera were identified E.. coli . Proteus. Providencia. 
Enterobacter. CitrobftCter, EdwardsielLa. Klebsiella. Shigella 
etc. (Table 9,10,11). On the basis of these data the microflora 
found in the samples has no apparent relationship.
IMvic tests are essential for final distinction between 
Eschericlia coli and Enterobacter aerogenes. E. coli according 
to IMVic test in the present study was very high in fish sample 
forming 28.96% (Table 8,A) whereas Enterobacter aeroaenes formed 
21.73% in pattern of presentation of IMVic. In water £[. coli 
(type I) was 25% and in ice it was completely absent whereas 
Enterobacter aeoraenes formed 23.09% (Table 8 c) and in water 
samples formed 20% of the total (Table 8c)
Based on iMVic tests only ice samples are considered 
satisfactory except in 5th observation where it was found 
contaminated with E. coli type I (Table 3)
Based on Manja's medium all fish, ice and water samples 
were considered unsatisfactory in the present study. Warm, dry, 
clear conditions prevailed, generally during the March and April 
'97 months and the enhanced temperature might have favoured the 
multiplication and occurrence of coliforms and H2S producing 
forms in the Manja’s medium in 2-5 hours of incubation time.
Out of the 3 methods used IMVic and pour plate method 
in selective media MacConkey gave reliable results compared to 
Manja's medium as it was so sensitive to anaerobes and coliforms 
and more suitable only to drinking water than other natural 
water testing.
Faecal pollution of the fish-landing centre is a 
situation difficult to control the source of contamination. So 
protection must be secured through knowledge of the 
characteristics of the contamination and application of this 
knowledge to safeguard fish-landing centres.
7. SUMMARY
1. An ecological survey of indicators of water pollution and 
related organism and their sanitary significance was carried 
out during March and April 1997 in a Fish landing centre, 
Fisheries Harbour Cochin, 9°5s' - 10°N and 76*^ 10 - 76*^ 20°E, 
to determine the faecal index, and its ecological 
significance. Totally six observations were made for the 
purpose in these pre-monsoon months.
2. All reagents, media used were from Hi-media and all Standard 
methods were followed in the methodology.
3. A taxonomic study was done using strains isolated from Fish, 
ice and water samples using selective MacConkey medium by 
pour plate method and applying the .scheme of Edwards and 
Ewing (1972). The following conclusions were made.
4. Catching, handling^ processing, storage, marketing and the 
way the product is prepared may affect the transmission of 
microbial disease through fish products and
indicate inferior water quality used for ice preparation 
etc.
5. The effect of contamination on consumers include bacterial
infection and intoxications, parasitic diseases, 
intoxications due to accumulated chemical poisons or 
biotoxins, allergic reactions, responses of undetermined 
etiology, offensive flavour^ causing nausea or more acute 
illnpno duo tp rnint-inq of t ho prndurt .
6 . Effect on non consumer include occupational diseases such as 
secondary bacterial skin infection, allergic reactions etc.
7. Two types of pollutants like sewage and bio-active wastes 
have a psychological impact on fishemen even though there 
is no physical harm to the fishermen, his gear or his catch.
8 . Faecal streptococci was always predominant in all the 
sampling done but the size of the colony was always 
punctiform in KF agar.
9. Much emphasis was given to quantitative and qualitative 
occurrence of Escherichia. Coli and faecal Streptococci to 
know their occurrence, distribution and nature and origin of 
faecal pollution by constructing the faecal index.
10. E- coli (type I) occurred in 9 observations indicating the 
faecal pollution gf the Fish-landing centre.
11. Faecal index constructed showed the nature and origin of 
faecal pollution is of animal origin as the ratio 
constructed between faecal coliform and faecal Streptococci 
ranged between 0.7 - 1.
12. Out of 57 isolates subjected to identification by IMVic 
tests and other biochemical tests the following genera were 
identified- the microflora occurring most frequently were 
E. SlQll, Proteus, Provj-dengia, Enterobacter. Citrobacter. 
Edwardsiella, etc.
13. The closer relation of faecal coliform growth and survival 
to that of Salmonella and Shigella is the reason why the 
faecal coliform group was taken as the indicator of choice 
in the present study in assessing the faecal pollution.
14. A true incidence of human enteric disease arising from 
faecal contamination of fish, ice or water is impossible to 
determine. An insight into the problem is necessary as 
these pathogens or indicators of pathogen will deteriorate 
the quality of fish by creating variations in morphological 
appearance, colour and texture of the muscle etc.
Faecal pollution of the Fish landing centre is a situation 
difficult to control the source. So protection must be 
secured through knowledge of the characteristic of 
contamination and application of this knowledge to safe 
quard fish landing centres.
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